A1Tassage or pressure over these areas may (haIgre significantly heart rate, heart rhythm, and systemic blood pressure.
Manipulation of the carotid sinus can be accomplished at the bedside. When done properly the mianeuver carries little risk. It frequently serves as an important diagnostic aid and may be a definitive therapeutic measure. At times it constitutes the only means of correctly diagnosing the underlying cardiac disturbance. In recent years insufficient attention has been given to the carotid sinus test. The object of the present report is to summarize current physiologic knowledge of the carotid sinus, to from karos, a Greek word meaning heavy sleep. The earliest medical report is that of Parry in 1799,1 who noted that pressure on the bifurcation of the common carotid artery produced dizziness and slowing of the heart. A similar observation was made by Czermack in 1866.2 le found that pressure upon the carotid swelling at the level of the upper margin of the sternocleidomastoid muscle induced temporary bradyeardia. He ascribed this to mechanical stimulation of the adjoining vagus trunk by the carotid bulb. In 1870
Concato3 pointed out that bradyeardia occurred only if the bifurcation of the common carotid was compressed while pressure on the cervical vagus alone was without such effect. This finding was ignored, amid Czermak's view prevailed for many years and was known as the "vagus pressure test" (Vagusdruckversuch) of Czermak.
Animal experiments in the nineteenth century demonstrated that lowering arterial pressure in the head and neck produced tachycardia, whereas elevation of pressure in these vessels was followed by bradyeardia and a fall in systemic pressure.4 This led to the conclusion that cardiac and vasomotor ceimters in the medulla were directly sensitive to pressure changes in the nutrient arteries. Siciliano5 and Pagano6 however demonstrated that ligation of all branches of the initerna~il and external carotid arteries supplying the mnedul-THE CAROTID SINUS slowed the heart rate. Notwithstanding the definite nature of these findings, the hypothesis that a cardioregulatory and vasomotor ceiiter in the medulla was directly sensitive to pressure was entertained until recently. 8 The painstaking work of Hlering9' 10 in the early 1920 's brought general recognition of the reflex nature of carotid sinus stimulation. When the vagus nerve was separated from the adjoining vessels, mechanical pressure u1po10 the bifurcation of the common carotid artery continued to produce the same degree of bradyeardia. He and his co-workers", 12 further demonstrated that the bifurcation of the common carotid is richly supplied with sensory nerves. These nerves emerge from the adventitia as spiral fibers to form the sinus nerve of Hering, which joins the glossopharyngeal nerve. Thus, a direct afferent nerve connection was shown to exist between the carotid sinus and the medullary centers.
W\\hen the sinus nerve was divided or cocainized, raising or lowering pressure in the common carotids resulted in no reflex changes in the heart. The conclusions of Herino were confirmed by the detailed anatomnic studies of De Castro,'3 who showed profuse arborization of sensory receptors lying among the collagen fibers of the adventitia of the carotid sinus.
The physiologic significance of the carotid sinus as a part of the baroreceptor system of the body was documented by the meticulous experimentations of Heymans and Neil. '4 WAassermnann was the first to observe that stimulation of the carotid sinus was effective in terminating some episodes of acute pulmonary edemal5 and relieving angina pectoris. 16 Clinical attention to the carotid sinus as an area responsible for syncopal attacks was high-lighted by the work of Weiss and Baker.17
Physiology of the Carotid Sinus Pressoreceptors
The most extensively studied and best known set of pressor reflexes in the circulation are those originating from the carotid sinuses. These Galdston and co-workers34 have shown that procainization of the carotid sinus area that prevents the respiratory reflex also abolishes hyperventilation from injection of sodium cyanide. The cyanide ion in low concentration stimulates respiration through action on chemoreceptors of the carotid and aortic bodies. These workers have suggested that the respiratory reflex is due to interference with blood supply to the carotid body which lies adjacent to the carotid sinus. In support of a different mechanism for the respiratory and cardiovascular reflexes is the observation that when the carotid sinus is stimulated, as a local anesthetic effect wears off, the respiratory response returns before the cardiac response. Furthermore, in animal experiments apnea rather than hyperpnea occurs when stimulation is limited to the baroreceptor fibers of the carotid sinus. '8 The cardiovascular effects are upon the sinoatrial pacemaker, the atrioventricular (A-V) conduction system, and the blood pressure. Cohn fi _ e _ _ . S _ 4 X 1 --* 4 _ _ * t S ) * U * 1 _ _ e , ; ! _ _ f -_ _ _ _ _ -_ v 4 : . . ; e r o . ? -e . . + . , -_ > . t . i : . 4 ' t " -E 9 t ? ! . -, r . . a l > . e . ' ' s + . . . * _ e | 4 j S < < . w § i > * t ' . F + -A . . ' ' ' t ' ' } ' i I s * { X t : : { : -: ' -s * -+ | * S | -t t ---t -Y ' f t ? i ' ' l ' ? t t Y . t f -+ -t -f { . * f f t X ' | t t ' 9 t ? ' -I 9 t t ' t ' ' m -F t t f t s | * : ? F X t + t ? t w 1 t s ) ! t s Z , ? w X | a l r j 0 : } 5 a -a --* s l ' ' s ' ' -f ' t t * t t t 4 W f -i . . . 
s i | w -t * _ * g * -v -: t -1 -> ' t + -t t -* t s W r 1 -+ + -* f t X --. b t -' t < t -F i t ' < * 4 t ' S + -' * t * ' t + ' ' + ' + -' -t ' * + ' ' s 5 -e w § --+ > I I z ? S | ;: $ | -g l l 1 ;; | t | | 1 t 1 : t ;. | fl t z t " w f | " | 1 , t B X | v t t s t X <--t t -t t +ff-f-t f r: -, t + t ? f fl { + X | t ;ts; t .+ + §r * i---t^t t . t f I s ; mia was actually an artifact, the result of muscle tremor. In fact, permanent cessation of the heart beat or serious ventricular arrhythmias are almost unheard of. We are aware of only one fatality from a cardiac mechanism due to carotid sinus stimulation. This occurred in a 75-year-old man in whom the left carotid sinus was massaged to control a paroxysm of rapid heart action. The arrhythmia stopped but the heart beat was not resumed. 44 A number of reports document the potentially harmful cerebral consequences of carotid sinus pressure .48 Askey45 described seven patients who developed hemiplegia with the cerebral lesion homolateral to the side of stimulation. In two patients no cardiac slowing developed. Two other instances of paresis Circulation, Volume XXIII, May 1961 or death are recorded.46 47 One is led to the conclusion that arrest of the carotid circulation resulting from prolonged compression of this vessel probably injured a portion of the brain already vulnerable. This view is supported by the fact that several of the patients had carotid artery insufficiency. On careful consideration it is evident that these complications were not an inherent part of the carotid sinus reflex. They were in fact the consequence of prolonged compression of the carotid artery and mechanical interference with cerebral blood flow.
In It has been our practice to limit the duration of each gentle massage to a time not exceeding 5 seconds. Bilateral occlusion is never carried out. Prior to the maneuver the carotid arteries should be auscultated for murmurs. Elderly patients, over 75 years of age, are generally not tested. Similarly in the presence of cerebral vascular disease, unless there are very pertinent indications, this maneuver is avoided. In such individuals there is not only the hazard of sclerosed and narrowed cerebral vessels but the reflex may be unduly sensitive with resultant prolonged asystole. This is especially prone to occur when carotid sinus stimulation abolishes a paroxysm of rapid heart action. In such an instance the tachycardia has depressed the sinus as well as subsidiary cardiac pacemakers. In the elderly individual, as was true in the experience cited above, it may lead to fatality. Ideally an electric cardiac pacemaker should be at hand, especially when the carotid sinus is stimulated in older patients.
During the carotid test the heart is listened to or the electrocardiogram is continuously observed. In patients with coronary artery disease or angina pectoris initial pressure is especially brief and gentle. As soon as the desired effect is obtained, the manipulation is stopped. Patients are generally in a sitting or recumbent position. If the above enumerated safeguards are followed the procedure is reasonably safe. Figure 4 Temporary reversion from coarse fibrillation or impure flutter to normal sinus rhythm by CSS. This phenomenon could be reproduced repeatedly.
existence of PAT with block, a commonly overlooked arrhythmia, generally resulting from serious digitalis intoxication.
It is quite common to see tracings in which the ventricular rate is rapid, from 120 to 180, regular and with only one P wave evident. These electrocardiograms are often interpreted as instances of either normal sinus tachycardia or paroxysmal atrial tachycardia. The sharp and triangular P wave in lead II should, however, suggest atrial flutter. This is confirmed when carotid sinus massage increases the A-V block and reveals the typical saw-toothed undulation of atrial flutter. If, however, this procedure reveals an isoelectric baseline between P waves discharging at a rate of 120 to 220 while the ventricular rate is slowed, one is dealing with PAT with block (figs. 6 and 7).
At times, one encounters an arrhythmia with an atrial rate in the vicinity of 240 with atrioventricular block. The question then arises whether this is due to atrial flutter or PAT with block. If carotid sinus stimulation results in acceleration of atrial rate, the underlying mechanism is atrial flutter; such a response is, however, not the rule in flutter.
If one observes a regular or irregular rapid ventricular rate with a prolonged and deformed QRS complex, identification of the arrhythmia is difficult. The relation between atrial and ventricular activity must be established. Such a mechanism may be the result of a ventricular or supraventricular pacemaker, the latter complicated either by bundle-branch or intraventricular block. Carotid sinus stimulation is helpful, if atrial activity can be detected. If the atrial rate is slowed, but the ventricular rate is unaffected, A-V dissociation is present ( fig. 8) Figure 10 CSS relieved anginal pain brought on by a two-step test and slowed the heart transiently but did not alter the electrocardiographic S-T depression.
The carotid sinus test may be helpful in yet another way in establishing the diagnosis of coronary artery disease. When an electrocardiogram is recorded during this maneuver and slowing occurs, it is important to examine the T waves for a change in contour. If in the complex immediately following the longest pause, the T wave has become inverted but the QRS complex remains unaltered, myocardial disease is present. It has the same clinical significance as the postextrasystolic T-wave change, which has been ascribed to myocardial ischemia, generally the result of underlying coronary artery disease. 68 The similarity in T-wave alteration following an ectopic beat and brief cartoid sinus massage in a patient with coronary artery disease is illustrated in figure 11 . diminish in intensity, and the apex impulse becomes less forceful. The episode frequently is completely reversed. If it recurs, it may be controlled for as long as carotid sinus stimulation is continued. When the reflex becomes exhausted on one side, a good response may be achieved by stimulating the opposite side. Such massage has been carried out for as long as 30 minutes.70 A great advantage of the procedure is that the physician can control the changes in heart rate and blood pressure by varying the duration and intensity of stimulation. In the presence of atrial fibrillation or aortic valvular disease this maneuver has been unsuccessful in controlling acute pulmonary edema.
Carotid sinus stimulation will reduce the period of fatigue and the objective manifestations of cardiac overload in patients with heart disease undergoing exercise tests. Slowing of the heart rate with improved left ventricular efficiency as well as lowered peripheral resistance with reduced myocardial pressure work has been offered as the explanation for the salutory effects of carotid sinus massage in the presence of acute left ventricular failure. 70 Wassermann,69 however, believed that acute pulmonary edema is not due to backward failure of the left ventricle, but represents a reflex syndrome involving the cardiopulmonary segments of the autonomic nervous system. The prompt relief provided a morphine, a powerful depressant of the central nervous system with affinities for the respiratory and vasomotor centers, supports 779 0LOWN, LEVINE Figure 11 Accentuation of inverted T wave following a pause produced by CSS. Note similarity of this effect to postextrasystolic accentuation of T-wave inversion.
this view. Acute pulmonary edema begins with tachycardia, elevation of blood pressure, cutaneous vasoconstriction, and other sympathetic manifestations. These may be due to decreased baroreceptor activity that would be reversed by carotid sinus stimulation. Wassermann69 has suggested that angina pectoris and paroxysmal pulmonary edema are initiated by a common afferent reflex pathway residing in the coronary artery nervi vasorum. A number of clinical observations may be pertinent in this context. Both angina peetoris and acute pulmonary edema are helped by carotid sinus massage and nitroglycerin. Angina pectoris and chronic atrial fibrillation infrequently coexist. Similarly, acute paroxysmal pulmonary edema is rare in the presence of established atrial fibrillation; when it does occur, carotid sinus stimulation is without effect.
These observations are of considerable theoretical and practical importance. The effectiveness of carotid sinus stimulation in the treatment of pulmonary edema needs further clinical elaboration.
Carotid Sinus Pressure and Bundle-Branch Block .Left bundle-branch block makes the electrocardiographic recognition of fresh or even old myocardial infarction difficult or impossible. Slowing of the ventricular rate with carotid sinus massage may temporarily abolish the block and permit analysis of the basic ventricular complex. The presence or absence of an infarction pattern can then be readily observed. It is reasonable to assume that in the evolution of bundle-branch block, there exists a phase of conduction impairment that will be affected by a change in heart rate. Rate-conditioned variability in conduction is especially likely to be present at the onset of bundle-branch block. At such times carotid sinus induced slowing of the heart proves helpful in determining whether or not bundlebranch block is associated with other eleetrocardiographic abnormalities. Reflex vagal stimulation may temporarily restore normal intraventricular conduction even without a change in heart rate. ' The following brief case report-one of a number of similar experiences-illustrates this problem.
The patient, a 53-year-old woman with rheuImatie aortic valvular disease and heart failure, was found to have left bundle-branch block. The possibility of an acute myocardial infarction could not be ruled out. It was noted, however, that normal conduction for one or more beats occurred when the heart rate was slowed by means of carotid sinus stimulation. Brief massage was therefore carried out as each lead was recorded. The noririally conducted complexes were found to be essentially unaltered when compared with earlier tracings taken prior to this episode ( fig. 12 ).
Carotid sinus stimulation during auscultation of the heart occasionally helps in the recognition of unsuspected left bundle-branch block. W4en this vagal maneuver results in an abrupt ideas'e' in the intensity of a muffled and reduplicated first heart sound with but slight reduction in heart rate, bundle-branch block may be considered. The explanation for this auscultatory phenomenon is Circulation, Volume XXIII, May 1961 780 THE CAROTID SINUS that with development of left bundle-branch block, the interval between atrial and left ventricular systole is lengthened, resulting in a decreased first sound at the apex. With the temporary establishment of normal conduction, the interval between atrial and left ventricular systole becomes shorter, with a resultant louder first heart sound. This is comparable to the well-known alteration of the first sound that follows changes in the P-R interval.
Digitalis and the Carotid Sinus Reflex
It is well established that digitalization may sensitize the heart to carotid sinus stimulation. 
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THE CAROTID SINUS
tations upon compression of the carotid sinus, this syndrome could not be reproduced when the pressure was insufficient to obliterate pulsation in the ipsilateral distal temporal artery. In all but four of these reactors, a response identical with that obtained over the carotid sinus was elicited by similar compression of the common carotid artery, i.e., the effect was not specific for the sinus. Furthermore, when procaine was infiltrated into the sinus adventitia and the cervical sympathetics on the same side were blocked, carotid sinus compression was still effective in provoking cerebral manifestation. Arteriography or carotid surgery in 12 of the 17 demonstrated a markedly stenosed or occluded carotid on the side opposite to the sensitive vessel. It has been shown195 that if one carotid is diseased, digital compression of the opposite vessel can produce a cerebral response simulating that occurring with the carotid sinus reflex. The evidence therefore suggests that a cerebral reflex is not elicited by carotid sinus stimulation. Syncopal attacks may be considered to be due to the depressor reflex when they are produced by massage requiring no more than 5 seconds of stimulation; however, when mechanical compression lasting 10 to 40 seconds produces these attacks the mechanism is due to occlusion of the underlying carotid artery.
Miscellaneous Considerations
The carotid sinus test may prove helpful during auscultation of the heart. There are times when it is difficult to distinguish the first from the second sound and to decide which is systole and which is diastole. This is most likely to occur when the rate is 120 or over and the two sounds are of equal intensity. Carotid sinus stimulation by slowing the heart rate, lengthens the diastolic interval. The sound following the longer diastolic pause is then easily identified as the first sound. A diastolic rumble of mitral stenosis may be heard only after slowing of the heart rate induced by carotid sinus effect. figure 15 .
Summary and Conclusion
The carotid sinuses, situated at the bifurcation of the common carotid arteries, are important pressoreceptors. They are activated by changes in pulsatile intravascular pressure, thereby initiating reflexes that modify heart 7LOWN, LEVINE rate, cardiac output, blood pressure, peripheral resistance, and venomotor tone, as well as pulmonary blood flow and ventilation. Their superficial location in the neck permits ready manipulation and influence upon the heart and peripheral vessels.
Massage of the carotid sinus, when a few simple precautions are heeded, is a procedure devoid of serious hazard. This procedure had been much neglected. At times it affords the only means of establishing a definite diagnosis. Often it provides invaluable clues for diagnosis of various heart conditions and frequently serves as a definite therapeutic procedure. Carotid sinus stimulation is of value in diagnosis, treatment, or analysis of the following: arrhythmias of the heart, angina pectoris, coronary artery disease, acute pulmonary edema, bundle-branch block, and the state of digitalization. Increased sensitivity of the carotid sinuses may evoke reflexes that seriously impair heart rate, peripheral resistance, or both, and may thereby precipitate syncopal episodes.
